In this article, we study the decay width of the pentaquark state Θ + (1540) with the QCD sum rules approach. The numerical results indicate the strong coupling constant g ΘN K is about |g ΘN K | = 0.26 ± 0.7, which can explain the narrow decay width naturally.
Introduction
Several collaborations have reported the observation of the new baryon Θ + (1540) with positive strangeness and minimal quark contents ududs [1] . The existence of such an exotic state with narrow width Γ < 15MeV and J P = 1 2 + was first predicted in the chiral quark soliton model, where the Θ + (1540) is a member of the baryon antidecuplet 10 [2] . The discovery has opened a new field of strong interactions and provides a new opportunity for a deeper understanding of the low energy QCD. Intense theoretical investigations have been motivated to clarify the quantum numbers and to understand the under-structures of the pentaquark state Θ + (1540) [3] . The zero of the third component of isospin I 3 = 0 and the absence of isospin partners suggest that the baryon Θ + (1540) is an isosinglet, while the spin and parity have not been experimentally determined yet and no consensus has ever been reached on the theoretical side. The extremely narrow width below 10MeV puts forward a serious challenge to all theoretical models, in the conventional uncorrelated quark models the expected width is of the order of several hundred MeV , since the strong decay Θ + → K + N is Okubo-Zweig-Iizuka (OZI) super-allowed.
In this article, we take the point of view that the quantum numbers of the pentaquark state Θ + (1540) are J = 1 2 , I = 0 , S = +1, and study its decay width within the framework of the QCD sum rules approach [4, 5, 6] .
The article is arranged as follows: we derive the QCD sum rules for the strong coupling constant of the pentaquark state Θ + (1540) g ΘnK in section II; in section III, numerical results; section IV is reserved for conclusion.
QCD Sum Rules for the coupling constant g ΘNK
In the following, we write down the three-point correlation function [6, 7] ,
where the η N , j K and η Θ = η + Θ γ 0 are the interpolating currents,
. According to the basic assumption of current-hadron duality in the QCD sum rules approach [4] , we insert a complete series of intermediate states satisfying the unitarity principle with the same quantum numbers as the interpolating currents η N , j K and η Θ into the correlation function in Eq. (1) to obtain the hadronic representation. After isolating the pole terms of the lowest states, we get the following result [8] ,
where the following definitions have been used,
Here we introduce two unknown functions AA and BB to parameterize the transitions between the fundamental and excited states. The coupling constants λ N and λ Θ can be determined from the QCD sum rules, the λ K is related to the kaon decay constant through λ K = f K m 2 K mu+ms . In this article, we choose the Dirac tensor structure σ µν q µ p ν for analysis.
The calculation of operator product expansion in the deep Euclidean space-time region is straightforward and tedious, here technical details are neglected for simplicity, once the analytical results are obtained, then we can express the correlation functions at the level of quark-gluon degrees of freedom into the following form through dispersion relation,
We choose p 2 = p ′2 = −P 2 and q 2 = −Q 2 , then take double Borel transform with respect to the variables P 2 and Q 2 respectively, match Eq. (2) with Eq. (4), finally we obtain the sum rules for the strong coupling constant g ΘN K ,
where
Here the C denotes the contributions from the transitions between the fundamental and excited states, we can choose the suitable values for C to eliminate the contaminations to obtain the stable sum rules.
Numerical Results
The 
which can explain the narrow width Γ ≤ 10MeV naturally.
Conclusion
In summary, we have calculated the strong coupling constant g ΘN K (i.e. decay width) of the pentaquark state Θ + (1540) with the QCD sum rules approach. The numerical results indicate the strong coupling constant g ΘN K is very small, which can explain the narrow width Γ ≤ 10MeV naturally.
